INTRODUCTION.
In a study I of the lipase actions on ten different esters, of aqueous extracts of whole rats whose ages ranged from 3 days before birth to 3 years 15 days, it was found that the "pictures" of the relative actions on the different substrates changed progressively with increasing age of the rat. For the embryo and the youngest rats, the curves approached those given by the Flexner-Jobllng rat carcinoma and by a number of tumors of human origin, changing to a type characteristic of the adult rat, and appearing to revert again to some extent toward the embryonic type for the oldest rats. The absolute actions on the different esters were found to increase and then to decrease again as the rats became older, the extent of the changes differing with the various esters. ~
As it was desired to study the changes in these enzyme actions of individual tissues with increase in age of the animal, and as the young rat is too small to use for this purpose, at the suggestion of Dr. C. B. Davenport the rabbit was chosen for this investigation. A stt{dy of a The relative actions given in the chart show a regular progression with increase in age of the rabbits. For the youngest, the type is very much like that found with the whole rat embryo, with the Flexner-Jobling rat carcinoma, and with a number of human tumors. As a matter of convenience, it may for the present be referred to as the embryonic type. A change in the type apparently begins at the age of 14 days and may be said to be complete at 195 days. The type then remains fairly constant except that with the oldest rabbits, a reversion toward the original younger type is appearing with the acetates. It is unnecessary to go into details with the individual esters, as the changes are very apparent. Some irregularities appear, at times with individual esters, very occasionally with a group of esters with one rabbit. Such irregularities are unavoidable, and in fact to be expected, in dealing with experimental data from separate biological units.
actions of a given extract on a number of esters, or as absolute actions. The results for any one tissue will be given in the form of curves for the relative actions and tables for the absolute actions in as much detail as seems advisable in each case to bring out the various relations. In the curves for showing the relative actions the esters are arranged along the abscissa axis in the same order as in the previous papers. As a rule, four curves are given on each plot; in some cases which will be indicated, three, five, or six are shown.
In the discussion of the results, the different physiological periods (epochs) of the life of the rabbit may be recalled; i.e., embryonic, nursing and weaning, young, adult. The embryonic is quite uniformly 30 days. The nursing rabbit begins to eat food other than milk at about the age of 2 weeks, and, as a rule, is weaned at about 6 weeks. The onset of puberty is quite variable. In general, rabbits become sexually mature between 5 and 7 months of age. The consideration of the absolute actions on the different esters, of the kidney extracts of the rabbits of different ages is essential for a satisfactory understanding of the changes in these enzyme actions. These values are given in Table I .
The results for the five youngest rabbits were obtained with extracts corresponding to 8.9 rag. original tissue per cc. final solution tested, the remaining results refer to double this concentration. The striking fact for these absolute actions is their large increase with increasing age, up to a certain point. For the older rabbits definite decreasing actions are observed with benzyl, ethyl, methyl, isobutyl acetates, methyl and ethyl benzoates; possible decreases with phenyl acetate and glyceryl triacetate, but no decreases with methyl and ethyl butyrates. The absolute actions for the 1221 days old rabbit are considerably larger than those for the rabbits somewhat younger and somewhat older. The relative actions, however, fall in line with those of the other rabbits. The absolute actions found with the other tissues of this rabbit are also greater than would be expected from the results with the other rabbits, but this apparently exceptional behavior is not reflected in the types or pictures of the relative actions which correspond to the results obtained with the other rabbits. These results can therefore only be recorded and no explanation suggested for them at present. It is also apparent that the very marked increases in the enzyme actions begin after the age of 14 days.
The physiological behavior of the rabbit kidney may be considered briefly in this Connection. The embryonic kidney practically does not function. While the rabbit is on a milk diet only (up to the age of 10 days or so) the kidney activity is at a comparatively low level. After that the milk is supplemented by other foods and the kidney functions more actively. It is interesting that the change in enzyme action (both relative and absolute) becomes striking at this period. There is also a possible correlation of physiological activity with the decrease in absolute lipase actions (small, but apparent) noted after puberty (about 200 days). The metabolism per kilogram is highest in the young. It decreases gradually until puberty when the curve flattens out and the rate of decrease with increasing age is very slow. The 
FIG. 3. Lung Extracts.
The types of action for the three youngest rabbits approach the embryonic type. At birth or immediately thereafter, the type changes, the change being fairly complete at 14 to 21 days. In reaching this adult type, the actions on all the esters relative to phenyl acetate increase except that on glyceryl triaeetate which decreases, and that on isobutyl acetate which does not change. For the oldest rabbits a certain amount of reversion is apparent. This can be seen in following the complete life cycle with the butyrates and with the benzoates which increase and finally decrease again. On the other hand the ratios of the actions on the butyrates to those on glyceryl triacetate increase from the embryo to the adult and remain constant and for the actions on benzyl acetate to those on ethyl benzoate (its isomer) decrease and then remain constant. Additional regularities involving various pairs of esters might be indicated but will not be given because of limitation of space.
In general terms these actions increase with increasing age of the rabbits. During the nursing period before the milk is supplemented by other foods, the first 2 weeks of life, the butyrates show a marked drop. All the esters show increases beginning at about 28 to 35 days, FiG. 4. SD~ E~trsdts. Curves for three ages are showu in the first five plots, four on the sixth. No skins of embryo rabbits were studied. Comparing the types of the skins of adult rabbits, which are markedly constant, with those of the younger rabbits, a difference is seen in that the results for the younger approach to a certain extent the embryo type of enzyme action, and which consequently suggest that with skin of embryos, the results would show completely the embryonic picture for the enzyme actions. This is brought out in the increasing relative actions of the butyrates and the benzoates. The actions on benzyl, ethyl, and methyl acetates,--much the same for the younger rabbits, increasing in the stated order of the esters for the older,--are of interest. acids such as glycuronic acid, etc.--in which the liver is supposed to play a part. This may account for the reversion observed in the enzyme actions, both relative and absolute, during the nursing period.
Hydrolyzing Actions in Tenths of Milli-Equivalents of Acid Produced by Lung

Extracts of Rabbits of Different Ages on the Indicated Esters.
The absolute actions of the lung extracts are shown in Table III .
The lung extracts of the rabbits aged -8, -7, 0, and ½ days refer to concentrations of 8.9 mg. tissue per cc. of solution tested, the remaining extracts were made up with 17.8 mg. per cc. There is evidently an increase in the absolute enzyme action at or in the close neighborhood of birth. The increases on the various esters continue up to apparent maxima whose exact points or times are difficult to determine because of the irregularities in the individual cases but which appear to occur at about 14 days. No real decreases in the absolute actions can be stated to occur with the oldest rabbits (Table V) , eight of these series were obtained at a concentration of 17.8 mg. tissue per cc. of solution tested, one at 35.6 mg., fourteen at 44.4, and one (102 days) the average of the relative actions obtained at I7.8 mg. and 44.4 rag. The absolute actions were comparatively small at the lower concentration. This fact would increase the percentage error in the relative actions, and would account for the greater irregularities found with the curves in this figure. Even under these conditions, definite trends in the types or pictures may be observed. At the earliest ages studied, the types were considerably different from the embryo type although two of these curves ( -3 days and 0 days) in the first group are somewhat similar to it. In the second group (½ to 14½ days) there is a real return to the embryo type. The drop in the actions on the butyrates and benzoates and the increase in glyceryl triacetate is unquestioned. Thereafter there is a development of the adult type which is apparently complete after about 3 months.
although some of the minor changes which take place appear to be reflected in small changes in the relative actions especially when pairs of esters only are considered, as pointed out in the discussion of the relative actions of these extracts. In considering the physiological relations in connection with these enzyme actions, the striking fact is the great change which occurs at birth when breathing begins.
The absolute actions of the skin extracts are shown in Table IV .
The changes in the absolute actions with increase in the ages of the rabbits are small compared to those found with some of the other tis- Fla. 6. Heart Muscle Extracts. The pictures for the youngest rabbits, as far as can be told from the few results obtained because of the small amount of material available, approach the embryonic type, diverging steadily as the rabbits become older until the adult type is reached at about 6 months. The relative increases in the butyrates and benzoates and decrease ill glyceryl triacetate are noteworthy. There appears to be a real reversion for the oldest rabbits. Because of the comparatively small absolute actions, the percentage errors in the relative actions are magnified, and the resulting curves somewhat irregular.
sues. The results given refer to the concentration of 17.8 rag. skin per cc. of solution tested. The values for the acetates remained practically unchanged except that the glyceryl triacetates decreased after 4 months. On the other hand, the values for the butyrates and benzoates increased markedly for the first few months and then remalned constant. In general, the actions on the methyl esters were greater than on the corresponding ethyl esters. The absolute actions of the leg muscle extracts are shown in Table V .
The concentrations of the extracts in terms of mg. of tissue extracted per cc. of solution tested are given in parentheses in Column 1 following the ages of the rabbits. The decrease in the actions on the butyrates and benzoates just before birth and during lactation, followed by the increase after weaning were referred to in speaking of the r d a t i v e actions. B e y o n d this the variations are irregular a n d point in no definite direction.
T h e absolute actions of the h e a r t muscle extracts are shown in T a b l e V I . The relative actions are shown, six on the first plot, five on each of the other three plots. There is practically no change in the type throughout the life cycle. There is a small apparent increase in the relative actions of the butyrates at the ages between 45 and 136 days but in view of the comparatively small absolute actions of the extracts, as shown in Table VII, this increase is not at all certain and may be due to the experimental inaccuracies.
The type of action, is in general, similar to the embryo type. Minor differences may be observed in the smaller actions of the brain extracts on the esters following phenyl acetate and glyceryl triacetate, in the actions on the benzoates which are practically zero, and in the actions on the isomers ethyl butyrate and isobutyl acetate which are essentially the same. The striking features of these actions may be found in the fact that they are similar in type to the actions of all brain extracts so far studied, including human, beef, and rat, and that they are similar to the embryo type, to the Flexner-Jobling rat carcinoma type, and to a number of tumors of human origin.
The action for the ½ day old rabbit was obtained at the concentration of 8.9 mg. tissue per cc. of solution tested; the remaining actions were obtained at the 17.8 rag. concentration.
With phenyl acetate a small decrease in action was observable as the rabbits became older; with glyceryl triacetate the decrease was
ttydrolyzing Actions in Tenths
Extracts of Rabbits of very marked. The action on methyl butyrate increased with increase in age; that on ethyl butyrate increased to a small extent. On benzyl acetate, there was a small but distinct decrease. No definite changes could be determined with the remaining esters, possibly because of the small actions. Heart activity increases as the young animal becomes more active;
at the age of 2 weeks approximately, the animals are able to move about. Before then the motions are more or less uncoordinated. The pictures of the relative actions reflect these changes to a certain extent. It is possible that the decreases in some of the absolute enzyme actions beginning in the early adult life may have some physiological significance. The absolute actions of the brain extracts are shown in Table VII . The first results ( -8 days) refer to a concentration of 8.9 mg. tissue per cc. of solution tested, the remaining results to 17.8 rag. per cc.
The interesting feature of these absolute actions is that there is no regular change observable. The actions are practically of the same order of magnitude for each ester throughout. Several series show somewhat greater actions on all the esters, notably those of 28, 67, 1221, and 1737 days of age, but these are isolated and cannot be taken as indicative of a regular trend. As stated before, such irregularities are to be expected when dealing with biological material.
The absolute values of the spleen extracts are shown in Table VIII . Because of their small size, it was not possible to study the actions of the spleens in the embryos. The concentrations of the extracts which were tested corresponded to 2.2 rag. tissue per cc. of solution tested. This dilution was much greater than with any other tissue studied. In view of this fact, the enzyme actions found may be said to be quite large. This is of special significance in comparing the brain and spleen actions. The types with these two tissues are very much the same (Figs. 7 and 8 ), but the absolute actions of the spleens are so much greater that no possibility of confusion exists.
As for the absolute actions of the spleen extracts at the different ages, the actions for the 2½ days and 6½ days rabbits are comparatively J J 2 I Jr,
small, increasing quite rapidly thereafter. For the first five esters the actions appear to reach a maximum at about the time of sexual maturity, decreasing somewhat thereafter. This trend is clear/n spite of certain individual irregularities, especially with the acetates. The actions on the benzoates are practically zero throughout.
In connection with these results it may be of interest to point out that the rabbit spleen is readily autotransplantable in the young rabbit but not in the adult. ~ This is an indication that the spleen is more important to the young rabbit than to the old.
The stomach results raise some interesting physiological questions. In the first place, the study of the ester-hydrolyzing enzymes of the stomach has given at times contradictory results. If the conclusions obtained with rabbits apply to other animals, it is possible that some of the contradictions may be explained as due to the different ages of the animals studied. This age factor has been found to be important with most of the tissues of the rabbit as shown in this paper, but in no case has its significance been as striking as with the stomach. At the same time it must be remembered that there may be a difference in testing the stomach contents and testing the extract of the stomach. The actions found with the nursing rabbits as compared with the adult are of interest in relation to the food consumed, mainly milk with the former, very little or no milk with the latter. If similar enzyme relations were found to hold in man, it would prove of considerable importance in infant nutrition.
Small Intestine Extracts.--The intestinal tract was divided into three parts (small intestine, appendix, and large intestine) and their ester-hydrolyzing actions determined in the usual way. The absolute results for the extracts of the appendix and large intestines were very irregular and the pictures of the relative actions while not as irregular as the absolute actions do not show any definite types or changes. They will therefore not be included here and only the results for the small intestine given. The types for the relative actions of the small intestine are in a measure similar to the embryo type but show greater general actions. The results for the butyrates are markedly greater than with the embryo type. The type does not change during the Marine, D., and Manley, O. T., J. Exp. Med., 1920, xxxii, 113. life cycle of the rabbit as far as these results go. For this reason, the curves showing the relative actions will be omitted and only the absolute action shown (Table IX) .
These actions refer to the concentration of 17.8 rag. per cc. of solution tested. There appears to be a definite increase in the values throughout beginning with the 14th day, coincident with the change In order to show more dearly the relation between different tissues at the same ages, the resu]ts brought together in Fig. 10 
FIG. 10.
Relative lipase actions of extracts of lung, liver, kidney, brain, and heart muscle of rabbits of different ages. Six different ages are shown, one age to a plot. The ages chosen are -7 days (embryonic), ½ day (after birth), 28 days (dietary fairly mixed, but rabbits not weaned), 195 days and 501 days (adult and sexually mature), 2162 days (old age).
however, is not enough to overshadow the adult type of action. The kidney clearly shows the embryonic type in the first two plots, gradually changing (28 days), the change being completed in the adult stages. The lung on the other hand, while being close to the embryo type in the first plot (a series obtained at -8 days shown in Fig. 3 but not given in Fig. 10 indicates the embryo type very clearly) changing rapidly and becoming adult in type at or before 28 days. The heart muscle was embryonic in type at ½ day, the change to adult being only partial at 28 days, but complete at 195 days.
Perhaps the most striking feature of these results is to be found in the fact that different tissues lose their embryonic character as shown by the enzyme actions at different periods of life. In general, those tissues that function least in embryonic life show by their enzyme actions the greatest similarity to the embryo type as well as to certain tumor types. These would include the kidney, skin, and lung. On the other hand the liver, which functions actively in the rabbit embryo behaves chemically as the adult type. Without entering into greater detail, it may be said that there is a striking correlation between the chemical evidence based upon the ester-hydrolyzing enzymes and the functional activity with rabbit tissues.
The question of reversion from the adult type as the rabbit becomes older is of interest. With the whole rat the reversion of the type from the adult picture toward a picture approaching the younger rats, even if not attaining the embryo character was clear and unmistakable. With the rabbit tissues such reversions were not as marked. This may have been due to the ages of the animals. It was possible to obtain rats of extreme old age (i.e., in the neighborhood of three years of age). On the other hand, the oldest rabbits which were available, were five to six years old. If still older rabbits could be secured, say up to eight years of age, the results might be more complete and satisfactory. Even with the rabbits aged five to six years, definite reversions in types and in absolute actions were dearly apparent, although the changes were not as great as with the whole rats. These reversions with the rabbit tissues were given in the consideration of the separate tissues. The results are hardly complete enough to warrant careful comparison and a study of the ages at which the different tissues show such reversion. Except for this brief reference, therefore, these relations will not be considered farther in this connection.
SUMM'ARY.
The ester-hydrolyzing actions of extracts of a number of tissues of rabbits of dlffcrent ages were studied under comparable conditions.
The ages of the rabbits ranged from 8 days before birth to 2162 days. Thc esters used included phenyl acetate, glyceryl triacetate, methyl butyrate, benzyl acetate, methyl acetate, ethyl acetate, ethyl butyrate, methyl benzoate, cthyl benzoate, and isobutyl acetate. The foUowing tissues were studied: kidney, Uver, lung, skin, leg muscle, heart muscle, brain, spleen, stomach, and small intestine.
Thc rcsults, as in previous communications, are presented in the form of plots for the relative enzyme actions, and in tables for the absolute actions.
The changes in the curves of the relative actions as the rabbits became older are considcred in some dctail. The relations bctween the embryonic state of certain tissues, as shown by thcir enzyme actions, and the adult state, are described, and compared with their physiological behavior. The probable reversion to a type approaching the embryonic for the oldest rabbits studied is indicated with some of the tissues. The changes in the absolute enzyme actions of the tissues as the rabbits became older are also discussed. The absolute actions do not form as regular a progression as do the relative actions but, at the same time, show marked regularities with increasing age of the rabbits.
